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(54) LIQUID CRYSTAL DISPLAY ELEMENT 

(57)Abstract: 

PURPOSE: To provide a liquid crystal display element capable of 
obtaining good display quality free from the initial orientation 
defect of a liquid crystal and reverse tilt discrimination, etc., at 
the time of applying a driving voltage by forming horizontally 
oriented films as rough surfaces films having microruggedness and 
horizontally orienting liquid crystal molecules with the pretilt angle : 
corresponding to the surface roughness of the oriented films. 
CONSTITUTION: The horizontally oriented films 8 f 9 formed by 
the LB method (Langmuii^Blodgett technique) on both substrates 
1, 2 are formed as the rough surfaces films having the 
microruggedness and the liquid crystal molecules A are 
horizontally oriented at the pretilt angle &phiv; corresponding to 
the surface roughness of the oriented films 8, 9. The horizontally 
oriented films 8, 9 are formed as the rough surface films by 
roughening the film surfaces of insulating films 6, 7 formed to 
cover transparent electrodes 4, 5 on the ground surfaces, i.e., 

both substrates 1, 2 on which the oriented films are formed. Then, the liquid crystal molecuels are 
oriented with the desired pretilt angle if the surface roughness of the oriented films 8, 9 is controlled. 
The display quality free from the initial orientation defect of the liquid crystal and the reverse tilt 
discrimination, etc., at the time of applying the driving voltage is obtd. 
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CLAIMS 



[Claim(s)] 

[Claim 1] To the field which counters mutually [ the transparence substrate of the pair which counters 
on both sides of a liquid crystal layer 1 a transparent electrode, It is the liquid crystal display component 
in which the level orientation film which consists of polyimide film which carried out the laminating of the 
monomolecular film of the amphiphilic compound which has a hydrophobic radical and a hydrophilic 
radical by the Langmuir-Blodgett's technique, and imide — ization-processed this cascade screen was 
formed. The liquid crystal display component characterized by having used said level orientation film as 
the split-face film with minute irregularity, and carrying out level orientation of the liquid crystal 
molecule with the pre tilt angle according to the surface roughness of said orientation film. 
[Claim 2] Said level orientation film is a liquid crystal display component according to claim 1 
characterized by considering as the splitH'ace film by making into a split face the substrate side which 
forms this orientation film. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the liquid crystal display component to which orientation 

of the liquid crystal molecule was carried out horizontally. 

[0002] 

[Description of the Prior Art] There are some which used the thing in TN (Twisted Nematic) mode, the 
thing in STN (super twisted nematic) mode, the thing of the level orientation mold of the ECB (electric- 
field control mold birefringence) modes, a ferroelectric liquid crystal, or antiferroelectricity liquid crystal 
in the liquid crystal display component to which orientation of the liquid crystal molecule was carried out 
horizontally. * 

[0003] These liquid crystal display components have the composition in which a transparent electrode 
and the level orientation film for carrying out orientation of the liquid crystal molecule horizontally were 
formed to the field which counters mutually [ the transparence substrate of the pair which counters on 
both sides of a liquid crystal layer ]. 

[0004] although the level orientation film prepared on the substrate of these liquid crystal devices was 
conventionally formed by the approach of applying polyimide etc. on a substrate and carrying out rubbing 
processing of the film surface, or the approach of carrying out the method vacuum evaporationo of the 
oxidation silicon (Si 02) etc. of slanting on a substrate — recently — Langmuir BUROJIETTO 
(Langumuir-Blodgett) — the approach of forming the level orientation film which consists of polyimide 
film by law is adopted increasingly. 

[0005] The above-mentioned Langmuir-Blodgett's technique (it is hereafter described as the LB 
method) is the approach of making a monomolecular film on a potentiometric surface, and making put 
the monomolecular film on the water surface on a substrate, pulling up the substrate made beforehand 
immersed at right angles to underwater with constant speed, and going. 

[0006] this LB — the monomolecular film of the amphiphilic compound with which formation of the 
polyimide film by law has a hydrophobic radical and a hydrophilic radical, for example, the polyamic-acid 
derivative compound which comes to carry out the ionic-bond reaction of polyamic acid and the amine 
which has a long-chain alkyl group, — LB — it is carried out by the approach of carrying out the 
multiple-times loop of the process made to put on a substrate by law, and carrying out the laminating of 
said monomolecular film on a substrate, and imide — ization-processing this cascade screen and using as 
the polyimide film. 

[0007] Above LB — the stacking tendency the polyimide film with which the monomolecular film of the 
amphiphilic compound put by law on the substrate imide-ized the cascade screen of this monomolecular 
film since the long molecule of molecule length was located in a line along the pull-up direction of a 
substrate makes [ stacking tendency ] an one direction carry out [ stacking tendency ] orientation of 
the liquid crystal molecule to homogeneity — **** — this polyimide film can be used as the level 
orientation film as it is, without getting down, therefore carrying out rubbing processing of that film 
surface. 

[0008] By the way, in a liquid crystal display component, since the orientation condition of a liquid 



crystal molecule influences greatly the electro-optics property of a liquid crystal display component, in 
order to obtain a good display, it is necessary to improve stability of the orientation of a liquid crystal 
molecule. 

[0009] The important element which influences the stability of the orientation of this liquid crystal 
molecule is the pre tilt angle (include angle which the major axis of a liquid crystal molecule makes to a 
substrate side) of the liquid crystal molecule to the substrate side under the condition of not impressing 
an electrical potential difference, and the stability of the orientation of a liquid crystal molecule becomes 
good, so that this pre tilt angle is large. 
[0010] 

[Problem(s) to be Solved by the Invention] However, although the one direction could be made to carry 
out orientation of the liquid crystal molecule to homogeneity when based on the level orientation film 
formed by the describing [ above ] LB method, it was difficult to give a desired pre tilt angle to a liquid 
crystal molecule. 

[001 1] for this reason, the tevel orientation film — Above LB — the problem of the conventional liquid 
crystal display component currently formed by law producing the poor initial orientation of liquid crystal, 
or generating a reverse tilt discreenation at the time of driver voltage impression — **** — it was. 
[0012] Forming the level orientation film by the LB method, this invention gives and carries out 
orientation of the pre tilt angle of a request of a liquid crystal molecule, and aims at offering the liquid 
crystal display component which can acquire good display quality without the poor initial orientation of 
liquid crystal, the reverse tilt discreenation at the time of driver voltage impression, etc. 
[0013] 

[Means for Solving the Problem] The liquid crystal display component of this invention to the field which 
counters mutually [ the transparence substrate of the pair which counters on both sides of a liquid 
crystal layer ] A transparent electrode, The level orientation film which consists of polyimide film which 
carried out the laminating of the monomolecular film of the amphiphilic compound which has a 
hydrophobic radical and a hydrophilic radical by the LB method, and imide — ization-processed this 
cascade screen is formed. It is characterized by having used said level orientation film as the split-face 
film with minute irregularity, and carrying out level orientation of the liquid crystal molecule with the pre 
tilt angle according to the surface roughness of said orientation film. In the one embodiment of this 
invention, it is considering as the splitH^ce film by making into a split face the substrate side which 
forms this orientation film for said level orientation film. 
[0014] 

[Function] Thus, if the level orientation film is used as the split-face film with minute irregularity and the 
surface roughness of this orientation film will be controlled in order that a liquid crystal molecule may 
carry out level orientation with the pre tilt angle according to the surface roughness of the orientation 
film, orientation of the pre tilt angle of a request of a liquid crystal molecule can be given and carried out, 
and good display quality without the poor initial orientation of liquid crystal, the reverse tilt discreenation 
at the time of driver voltage impression, etc. can be acquired. 
[0015] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 
[0016] Drawing 2 is the sectional view of a liquid crystal display component. This liquid crystal display 
component joins the transparence substrates 1 and 2 of a pair which consist of glass etc. through the 
frame-like sealant 3, it is what enclosed liquid crystal with both this substrate 1 and the field surrounded 
by the sealant 3 between two, and the transparent electrodes 4 and 5 which consist of transparence 
electric conduction film, such as [TO, are formed in the field where both the substrates 1 and 2 counter 
mutually, respectively. Moreover, the electrode forming face of both these substrates 1 and 2 is covered 
by the transparent insulator layers 6 and 7 which consist of oxidation silicon (Si 02) etc., and the level 
orientation film 8 and 9 is formed on these insulator layers 6 and 7. 

[0017] In addition, this liquid crystal display component is the thing in TN mode or STN mode, and both 
the substrates 1 and the molecule A of the liquid crystal enclosed among two are regulated by said 



orientation film 8 and 9, and are carrying out twist orientation of each orientation direction of the liquid 
crystal molecule A near both the substrates 1 and the orientation film 8 and 9 by the side of two on the 
predetermined twist square between both the substrates 1 and 2. However, at drawing 2 , the liquid 
crystal molecule A is shown in the condition of having not carried out twist orientation, for convenience. 
[0018] The above-mentioned level orientation film 8 and 9 consists of polyimide film which imide-ized 
the film which made each put in piles the monomolecular film of the amphiphilic compound which has a 
hydrophobic radical and a hydrophilic radical, for example, the compound to which polyamic acid and the 
amine (henceforth long-chain alkylamine) which has a long-chain alkyl group are made to come to react, 
on several layers - dozens of layers. 

[0019] These level orientation film 8 and 9 is formed by the following approaches. In addition, although 
formation of the level orientation film 8 prepared in one substrate 1 is explained, the level orientation 
film 9 prepared in the substrate 2 of another side is formed similarly here. 

[0020] The above-mentioned polyamic acid is expressed with the structure expression of the following 

[Hzing 3], and this polyamic acid compounds the tetracarboxylic dianhydride expressed with the 

structure expression of [Hzing 1], and the diamine expressed with the structure expression of Hzing 2], 

and is obtained. 

[0021] 

[Formula 1] 
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[Formula 2] 
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[0024] Moreover, the above-mentioned long-chain alkylamine is for giving hydrophobicity to polyamic 

acid with a hydrophilic property, and this long-chain alkylamine is expressed with the structure 

expression of the next [-izing 4]. 

[0025] 

[Formula 4] 
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[0026] The solution which melted the above-mentioned polyamic acid to the solvent, and the solution 
which melted the above-mentioned long-chain alkylamine to the same solvent are mixed at a 
predetermined rate, the ionic bond reaction of polyamic acid and the long-chain alkylamine is carried out, 
and the solution of the polyamic acid derivative compound (polyamic acid salt) expressed with the 
structure expression of the following [-izing 5] is created. In addition, as a solvent of the above- 
mentioned polyamic acid and long-chain alkylamine, the mixed solvent which mixed NMP (N-methyl-2- 
pyrrolidinone) and benzene at a rate of 1:1 is used. 
[0027] 
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[0028] and the substrate 1 top which the above-mentioned level orientation film 8 formed the 
transparent electrode 4, and formed the insulator layer 6 on it — LB — by law, the laminating of the 
monomolecular film of the above-mentioned polyamic acid derivative compound is carried out to a 
predetermined layer, and the cascade screen of this monomolecular film is processed imide-ization, and 
is formed, drawing 3 — a substrate 1 top — the monomolecular film of a polyamic acid derivative 
compound — LB — how to make it covering by law is shown. Covering of this monomolecular film is 
performed as follows. First, hydrophilic processing is performed to the monomolecular-film covering side 
(the 6th page of insulator layer) of the above-mentioned substrate 1, and this substrate 1 is made 
immersed at right angles to underwater [ in a tank 10 ]. 

[0029] Next, the solution of the above-mentioned polyamic acid derivative compound is dropped on the 
water surface between the migration barrier 1 1 of the shape of a bar prepared in water surface height, 
and a substrate 1, and the monomolecular film a is developed on the water surface. 
[0030] Next, moving the migration barrier 1 1 in the direction of a substrate with constant speed (2 
mm/min), and pushing a monomolecular film a in the direction of a substrate, after moving the migration 
barrier 1 1 in the direction of a substrate, clustering the single molecule on the water surface and 
adjusting the surface pressure of a monomolecular film a to 1 constant pressure (25 dyn/cm), it is made 
to align with this, a substrate 1 is pulled up, and the monomolecular film a on the water surface is made 
to put on a substrate 1 . 

[0031] Since a part with a hydrophilic property adheres to the substrate 1 which has performed 
hydrophilic processing and the single molecule on the water surface can be pulled up at this time, a 
molecule puts a monomolecular film a on a substrate 1 in the condition of having stood in a line in the 
about 1 direction. The following repeats the covering process of the above-mentioned monomolecular 
film a, and carries out the laminating of the above-mentioned monomolecular film a to a predetermined 
layer on a substrate 1. 

[0032] Thus, the chemical treatment by solutions, such as heat treatment heated above 200 degrees C 
for about 1 hour or an acid anhydride, is performed, and the cascade screen on a substrate 1 is imide- 
ized, and let this be the polyinnide film (level orientation film 8), after carrying out the laminating of the 
monomolecular film a of a polyamic acid derivative compound on a substrate 1. In addition, imide-ization 
of this cascade screen may be performed by using together both said heat treatments and chemical 
treatments. 

[0033] This polyimide film is what was imide-ized, and has structure like the next Hzing 6] while 



polyamic acid and long-chain alkylamine remove the alkylamine of the polyamic acid derivative 
compound which is a compound which carried out ionic bond. 
[0034] 
[Formula 6] 



? 



0 

II 

HI Ai A2- 



i 1 

o o 

[0035] by the way, the above LB — although the level orientation film which consists of polyimide film 
formed of law can make an one direction carry out orientation of the liquid crystal molecule to 
homogeneity as the term of [Problem(s) to be Solved by the Invention] also described, it is difficult for it 
to give a desired pre tilt angle to a liquid crystal molecule. 

[0036] then — the liquid crystal display component of this example — both those substrates 1 and 2 — 
LB — the level orientation film 8 and 9 formed by law is used as the split-face film with minute 
irregularity, and level orientation of the liquid crystal molecule A is carried out with pre tilt angle phi 
according to the surface roughness of said orientation film 8 and 9. 

[0037] Let these level orientation film 8 and 9 be split-face film by making into a split face the substrate 
side which forms this orientation film, i.e., the film surface of the insulator layers 6 and 7 which covered 
and formed transparent electrodes 4 and 5 in both the substrates 1 and 2. 

[0038] drawing 2 being the enlarged drawing of the I section of drawing 1 , and using the transparent 
electrode 5 formed on the substrate 2 as the electrode which split-face-ized that front face in this 
example — this electrode 5 — the film surface (substrate side which forms the orientation film 9) of the 
wrap insulator layer 7 — a split face — carrying out — a it top — Above LB — the orientation film 9 
formed by law is used as the split-face film. Thus, when the level orientation film 8 and 9 of both the 
substrates 1 and 2 is used as the split-face film with minute irregularity, the liquid crystal molecule A 
has pre tilt angle phi according to the surface roughness of the orientation film 8 and 9. 
[0039] Drawing 4 shows the relation between the surface roughness (concavo-convex difference of 
elevation) of the above-mentioned transparent electrodes 4 and 5, and pre tilt angle phi of the liquid 
crystal molecule A, does not form insulator layers 6 and 7 on transparent electrodes 4 and 5, but shows 
the value when making the number of laminatings of a monomolecular film a at the time of carrying out 
the laminating of the direct monomolecular film a on an electrode into 1 1 layers here. 
[0040] Like this drawing 4 , although pre tilt angle phi of the liquid crystal molecule A is 0 degree when 
the surface roughness of the above-mentioned electrodes 4 and 5 is smaller than 5nm, if the surface 
roughness of electrodes 4 and 5 is set to 5nm or more, after the liquid crystal molecule A has carried 
out the pre tilt to the 1 or 2nd page of a substrate, it will come to carry out orientation, and that pre tilt 
angle phi becomes large in connection with the surface roughness pf electrodes 4 and 5 becoming large. 
[0041] Therefore, if surface roughness of the above-mentioned electrodes 4 and 5 is set to 5nm or 
more and the surface roughness of the orientation film 8 and 9 is controlled in the range, orientation of 
pre tilt angle phi of a request of the liquid crystal molecule A can be given and carried out. 
[0042] Moreover, while surface roughness becomes large so that the surface roughness of the above- 
mentioned electrodes 4 and 5 changes according to membrane formation thickness, such as [TO film 
which becomes the thickness 4 and 5 of these electrodes 4 and 5, i.e., electrodes, and thickness of 
electrodes 4 and 5 is thickened, field resistance of electrodes 4 and 5 becomes small. Drawing 5 shows 
the field resistance at the time of forming the above-mentioned electrodes 4 and 5 by the ITO film, and 
the relation of surface roughness. 

[0043] and the above-mentioned liquid crystal display component — setting — both the substrates 1 
and 2 — LB — since level orientation of the liquid crystal molecule A is carried out with pre tilt angle 



phi according to the surface roughness of said orientation film 8 and 9 by using as the split-^face film 
with minute irregularity the level orientation film 8 and 9 formed by law, good display quality without the 
poor initial orientation of liquid crystal, the reverse tilt discreenation at the time of driver voltage 
impression, etc. can be acquired. 

[0044] In addition, although the front face of the transparent electrodes 4 and 5 under it is split-face- 
ized in the above-mentioned example in order to make into a split face the film surface of the insulator 
layers 6 and 7 which are the substrate sides which form the orientation film 8 and 9, the film surface of 
said insulator layers 6 and 7 may be good also as a split face by split-face-ized etching, and the front 
face of electrodes 4 and 5 may not be a split face in that case. 

[0045] moreover, the liquid crystal display component of the above-mentioned example — transparent 
electrodes 4 and 5 — insulator layers 6 and 7 — covering — a it top — LB, although the level 
orientation film 8 and 9 is formed by law This invention is a thing applicable also to the liquid crystal 
display component which forms the level orientation film 8 and 9 by the direct LB method on 
transparent electrodes 4 and 5. In that case What is necessary is to split-face-ize the front face of the 
transparent electrodes 4 and 5 which are the substrate sides which form the orientation film 8 and 9 like 
the above-mentioned example, and just to let the orientation film 8 and 9 be spliWace film. 
[0046] Furthermore, in the above-mentioned example, although the polyamic acid derivative compound 
to which make polyamic acid and long-chain alkylamine come to react as an amphiphilic compound which 
has a hydrophobic radical and a hydrophilic radical was used, the amphiphilic compound to be used will 
not be restricted to said polyamic acid derivative compound, if it becomes polyimide by imide-ized 
processing. 

[0047] Moreover, although the liquid crystal display component of the above-mentioned example is the 
thing in TN mode or STN mode, this invention is applicable to the liquid crystal display component of the 
level orientation mold of the ECB (electric-field control mold birefringence) modes, the liquid crystal 
display component which used a ferroelectric liquid crystal or antiferroelectricity liquid crystal. 
[0048] 

[Effect of the Invention] since the liquid crystal display component of this invention uses the level 
orientation film as the split-face film with minute irregularity and level orientation of the liquid crystal 
molecule is carried out with the pre tilt angle according to the surface roughness of said orientation film 
— LB — forming the level orientation film by law, orientation of the pre tilt angle of a request of a liquid 
crystal molecule can be given and carried out, and good display quality without the poor initial 
orientation of liquid crystal, the reverse tilt discreenation at the time of driver voltage impression, etc. 
can be acquired. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The enlarged drawing of the I section of drawing 2 . 

[Drawing 2] The sectional view of a liquid crystal display component showing one example of this 
invention. 

[Drawing 3] Drawing showing the laminated layers method of the monomolecular film to the substrate 
top by the LB method. 

[Drawing 4] Drawing showing the relation between the surface roughness of an electrode, and the pre 
tilt angle of a liquid crystal molecule. 

[Drawing 5] Drawing showing field resistance of an electrode, and the relation of surface roughness. 

[Description of Notations] 

1 2 — Substrate 

4 5 — Electrode 

6 7 — Insulator layer 

8 9 — Level orientation film formed by the LB method 

A — Liquid crystal molecule 

phi — Pre tilt angle of a liquid crystal molecule 
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